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1.0 EXECUTIVE SUMMARY 
 
V3 Companies, Ltd (V3) has conducted the Lost River Watershed Final Water Quality 
Monitoring Study for the Orange County Soil and Water Conservation District (SWCD).  Exhibit 
I shows the Project Vicinity.  There are ten sampling stations for evaluating the biological, 
physical and chemical condition of the watershed including: macroinvertebrate communities, in-
stream and riparian habitat and water quality parameters.  The watershed of the Lost River is 
within the karst regions surrounding Paoli, Indiana.  The term karst implies the processes and 
phenomena associated with the dissolution of bedrock by water.  Karst regions typically contain 
sinkholes, sinking streams, disrupted surface drainage, caves and underground drainage systems.  
This study includes sampling locations within surface riverbeds, underground caverns, swallow 
holes, gulfs, true-rises and drybeds of Lost River.  
 
The Lost River watershed evaluated during this study is 106,980 acres.  The portion of the river 
evaluated during this study has a linear river length of approximately 15.3 miles for perennial 
surface water in the upstream reaches, approximately 21.3 miles of linear length for intermittent 
drybeds, an estimated 7.5 miles of linear length for underground river systems, and another 
perennial surface water stream segment of approximately 25.8 miles for linear length in the 
downstream reaches.  Beyond the watershed which was studied, there is approximately 20.5 
miles linear length of the Lost River downstream of the studied area before the Lost River ends 
at it’s confluence with the White River.  This watershed study includes eight sampling stations 
on Lost River, one sampling station on South Fork Lost River and one on Carter’s Creek.  Of 
these locations, 4 were sampled for macroinvertebrates, 8 were sampled for water quality during 
baseflow conditions and 9 were sampled for water quality during stormflow conditions (see 
Exhibit II).  This study follows the guidelines suggested by the Indiana Department of Natural 
Resources (IDNR) Lake and River Enhancement (LARE) Program.  This study was funded by 
the IDNR’s LARE program.   
 
Land use best management conservation practices were implemented by the Orange County 
SWCD to improve the Lost River watershed from 2001 through 2005.  The land use best 
management conservation practices included: winter cover crop, heavy use area feeding pads,  
spring development and acres pasture/hayland planting. 
 
Prior to the implementation of the best management practices, there was no baseline study 
performed to establish the conditions of water quality, macroinvertebrate communities and 
habitat.  The study performed by V3 in 2004 and 2005 will provide information on existing 
conditions for future comparisons, however, it does not allow for any current interpretation on 
the watersheds benefits from the implementation of these conservation practices.  We will 
attempt to make comparison between the high flow and low flow sampling events, as well as 
station to station evaluations, in order to speculate on the effectiveness of conservation practices 
within the watershed.  Macroinvertebrate monitoring and habitat evaluations were conducted 
using the methods provided by the U.S. Environmental Protection Agency.  Habitat was 
evaluated by using the Qualitative Habitat Evaluation Index (QHEI).  Water quality 
measurements recorded both in the field with water quality meters and in the laboratory. 
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V3 followed the LARE guidelines for sampling during high and low flow events.  Low flow 
event water quality sampling was performed on June 29 and 30, 2004.  Macroinvertebrate 
evaluation was also performed during this timeframe, as this fell within the LARE recommended 
late summer sampling season.  The timing on high flow event samples were unable to be 
performed during the calendar year of 2004, however, on January 5 and 6, 2005 a stormevent 
contributed approximately 2.87 inches of rain from January 1-4 and 2.90 inches on January 5 
(the first day of sampling) within the watershed (www.accuweather.com 2006).  Local IDNR 
staff were present during all of the sampling events and assisted with the collection effort. 
 
The biological evaluation of macroinvertebrate communities performed by V3 followed the 
multihabitat approach provided in the USEPA Rapid Bioassessment Protocols for Use in 
Wadeable Streams and Rivers, Periphyton, Benthic Macroinvertebrates and Fish, Second 
Edition, publication number EPA 841-B-99-002.  The preference of the LARE program is to 
follow the single habitat approach as described within the above mentioned USEPA publication 
or the RBPIII protocol as it is described in the USEPA Rapid Bioassessment Protocols for Use in 
Streams and Rivers, Benthic Macroinvertebrates and Fish, publication number EPA/440/4-
89/001.  It is important for subsequent evaluations and comparisons to be aware of this data 
collection discrepancy. 
 
The evaluation of macroinvertebrate communities within the watershed describe the biological 
health at a level which provides insight into point and nonpoint source impacts which otherwise 
may or maynot be able to be measured.  All four of the evaluated stations posses a slightly 
impaired biological condition.  
 
Habitat incorporates all aspects of physical and chemical constituents along with the biotic 
interactions.  Habitat includes all of the instream and riparian habitat that influences the structure 
and function of the aquatic community in a stream.  All four of the sampling stations evaluated 
for habitat during the Lost River Watershed Final Water Quality Monitoring Study resulted in 
Good habitat ratings. 
 
Water quality analysis of the watershed during baseflow and stormflow events showed 
acceptable values with the following exceptions.  Phosphorus levels were high at 1,2,3,4,5,7,8,9 
and 10 during stormflow sampling in January 2005 and at 1,2,3,6,7,9 and 10 during baseflow 
sampling in June 2004.  Nitrate was measured at high levels at both Stations 1 and 3 during the 
June 2004 sampling effort.  The stations with the highest levels of E coli were baseflow 
conditions at Station 1 (6,300 cfu/100ml) along the South Fork Lost River and stormflow 
condition at both drybed sampling stations along Lost River, Stations 5 (4,800 cfu/100ml) and 
Station 8 (5,000 cfu/100ml).  Stations 5 and 8 also shared the highest turbidity levels, Station 5 
(80 NTU) and Station 8 (85 NTU). 
  
In areas of good or excellent habitat, biological communities will reflect degraded conditions 
when water quality effects are present.  This graph demonstrates a condition where organic 
pollution or toxicants will adversely affect biological condition regardless of the quality of the 
habitat. 
 



Final Water Quality Monitoring Report                               V3 Companies • 3 
Lost River – 04010                                                                                                                               September - 2006

Land use best management conservation practices have been implemented within the 106,980 
acres of Lost River’s evaluated watershed.  We recommend the continued implementation of 
habitat focused watershed improvement measures within the entire Lost River watershed.  We 
recommend that similar evaluations use the results of this study to make comparisons on the 
health trends of the macroinvertebrate, habitat and water quality conditions of the watershed.  
 
2.0 ACKNOWLEDGEMENTS 
 
We would like to acknowledge Frank Hodges (with IDNR at the time of V3’s survey) for his 
assistance with historical data collection and field sampling efforts.  We would like to 
acknowledge Treva Brim of the Orange County SWCD for her assistance with sampling efforts, 
her coordination of historical landuse data and her handeling of contracts.  We would also like to 
acknowledge Cecil Rich (IDNR, LARE Program Biologist) for his guidance, review and 
comments. 
 
3.0 INTRODUCTION 
 
V3 has provided technical services to the Orange County SWCD in conducting the Lost River 
Watershed Post-Construction Monitoring Study in Orange County, Indiana.  The Orange County 
SWCD has performed several land use conservation practices throughout the watershed to 
improve water quality conditions from 2001 to 2005.  The Lost River is a very unique river.  It is 
an underground river that flows through caves at depths up to about 150 feet below the surface.  
When the river comes to a blockage in the cave or enough volume is not flowing through the 
water flows to the surface and creates a “rise”.  Then the river flows on the surface until it finds a 
sinkhole and it flows back into the caves.  In areas the river is completely underground during 
normal conditions.  In a storm event the river rises and flows in river beds that are normally dry.   
 
The majority of the studies 106,980 acre Lost River watershed (see Exhibit I) is within Orange 
County, with the downstream western most portions extending into Martin County and the 
upstream portion extending into Washington County.  The portion of the river evaluated during 
this study has a linear river length of approximately 15.3 miles for perennial surface water in the 
upstream reaches, approximately 21.3 miles of linear length for intermittent drybeds, an 
estimated 7.5 miles of linear length for underground river systems, and another perennial surface 
water stream segment of approximately 25.8 miles for linear length in the downstream reaches.  
The underground portions of the river system are difficult to quantify as the majority of the 
system has not been mapped, and much of it has not been explored.  There is approximately 20.5 
miles linear length of the Lost River downstream of the studied area which was not included in 
this evaluation before the Lost River ends at it’s confluence with the White River.  This study 
follows the guidelines suggested by the IDNR LARE Program.  The LARE program provided 
the funding to carry out the post-treatment monitoring study. 
 
There are ten identified sampling stations that were monitored in the Lost River Watershed.  
There were three separate sampling efforts in this study.  The baseflow sampling occurred on 
June 29 and 30, 2004; stormflow sampling occurred on January 5 and 6, 2005; and the biological 
sampling occurred on September 8 and 9, 2004.  Stations 1, 2, 3 and 4 had all three sampling 
efforts performed during the study.  Stations 7, 9 and 10 had baseflow and stormflow 
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measurements performed.  Station 6 had only base flow measured because it is Tolliver Swallow 
Hole and was not assessable during storm flow.  Stations 5 and 8 are dry beds and only have 
water in them during storm events so were only sampled during the storm flow.  There was no 
reference station identified for the Lost River.  It is difficult to identify ideal parameters for such 
an atypical river ecosystem within the karst regions.  The study had been designed to omit the 
reference station, before V3 bid on the study.  For purposes of making the USEPA evaluation 
within this report, we have created a representative reference condition.  This representative 
condition was created by selecting the best recorded value for each of the evaluated conditions, 
and projecting an achievable condition for the system that is not specific to one location.  All 
sampling stations are shown on Exhibit II. 
 
The Orange County SWCD has performed several land use conservation practices throughout the 
watershed to improve water quality conditions.  Measurements of the proportions of land using 
conservation tillage practices were not available for comparison throughout the years since the 
previous monitoring study was conducted.  Locations of Lost River’s best management practices 
are shown in Exhibit III.  The amount of winter cover crop used from 2001-2005 is shown in 
Table 1.  Other best management practices implemented during 2005 included eleven heavy use 
area feeding pads, one spring development and 59 acres of pasture/hayland planting. 
 

TABLE 1 – LOST RIVER WATERSHED, ACRES OF WINTER COVER CROP 
Year Acres of Cover Crop 
2001 1,500 
2002 2,000 
2003 3,000 
2004 1,394.4 
2005 641.3 
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In 2004 and 2005, V3 performed the Final Water Quality Monitoring Study in accordance with 
the guidelines suggested by the IDNR LARE Program.  V3 also performed the base flow, storm 
flow and biological sampling efforts within the LARE Program’s designated timeframes, and as 
a direct result from discussions with regional IDNR staff and Orange County SWCD employees.   
 
The Lost River watershed is in a predominantly rural agricultural and is approximately 106,980 
acres upstream of sampling station 10.  Lost River terminates at it’s confluence with the East 
Fork of the White River.  The thirteen different 14-digit hydrologic unit codes (HUC) for the 
Lost River watershed are 05120208150010, 05120208150020, 05120208150030, 
05120208150040, 05120208150050, 05120208150060, 05120208150070, 05120208150080, 
05120208150090, 05120208150100, 05120208150110, 05120208150120 and 05120208160010.  
All of the studies sampling stations are described in Table 2, and shown in Exhibit II. 
 
 

TABLE 2 – LOST RIVER WATERSHED, SAMPLING STATIONS 

 Waterway Location Sampling 
Efforts * 

Watershed 
Area (acres)

Station 1 South Fork Lost River CR 350 N M,S,B 11,269 
Station 2 Carter Creek Tater Road M,S,B 5,895 
Station 3 Lost River Tater Road M,S,B 22,349 
Station 4 Lost River Fishers Ford Bridge M,S,B 61,778 
Station 5 Lost River CR 100 W S 68,730 
Station 6 Lost River Tolliver Swallow Hole B 70,015 
Station 7 Lost River Wesley Chapel Gulf S,B 95,599 
Station 8 Lost River Roosevelt Road S 62,520 
Station 9 Lost River True Rise S,B 105,004 
Station 10 Lost River Orangeville Road S,B 106,980 

*   M = macroinvertebrate 
S = stormflow 
B = baseflow 

 
 
All of the stations were selected to provide interpretive data on the respective portions of the 
watershed.  Stations 1-4 are the most upstream portions of the project and flow above ground 
year round so it was possible to take samples during all three of the efforts (baseflow, biological 
and stormflow).  Stations 7, 9 and 10 are too deep for biological sampling, so only baseflow and 
stormflow data collection was possible, so the depth of the Wesley Chapel Gulf, True Rise and 
downstream most station on the mainstem of Lost River did not have an evaluation of 
macroinvertebrates.  Stations 5 and 8 are drybeds with intermittent flow, so only flow under 
storm conditions was possible, no baseflow or macroinvertebrate data could be collected.  
Station 6 is below ground in a cavern, so collecting stormflow data would be dangerous and the 
macroinvertebrate community would be atypical as it is underground, therefore only baseflow 
sampling was performed.   
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4.0 METHODS 
 
4.1 Biological Evaluation Methods 
 
Macroinvertebrate monitoring followed the USEPA’s Benthic Macroinvertebrate Protocol for 
the multihabitat approach.  The multihabitat approach involves the systematic collection of 
benthic macroinvertebrates from all available instream habitats by kicking the substrate or 
jabbing with a dip net.  A total of 20 jabs or kicks are taken from all major habitat types in the 
reach resulting in sampling approximately 3.1 m2 of habitat.  The collected organisms are sorted 
in the V3 laboratory and identified to the lowest practical taxon.  The collection procedure 
provides representative macroinvertebrate fauna from all of the available instream habitats 
including riffle and run habitat types that provide representatives of scraper and filterer 
functional feeding groups, and Course Particulate Organic Matter (CPOM) such as detritus, 
leaves, needles, twigs, sticks, bark and other fragments that provide representatives of the 
shredder functional feeding group.  Sources of CPOM include leaf packs, shorezones and other 
depositional areas. 
 
Although the multihabitat approach is provided in the USEPA Rapid Bioassessment Protocols 
for Use in Wadeable Streams and Rivers, Periphyton, Benthic Macroinvertebrates and Fish, 
Second Edition, publication number EPA 841-B-99-002, the LARE program would have 
preferred that the study had followed the single habitat approach as described within that same 
publication or the RBPIII protocol as it is described in the USEPA Rapid Bioassessment 
Protocols for Use in Streams and Rivers, Benthic Macroinvertebrates and Fish, publication 
number EPA/440/4-89/001.  The data from survey of the benthic macroinvertebrate community 
shortly after the implementation of the land use conservation practices would have been more 
readily compared to the data from this survey had the methodology been the same. 
 
Although the reference station is often selected outside of the treatment watershed, it was 
thought that the atypical karst system of the Lost River did not translate accordingly to an ideal 
reference stream within a different watershed.  In order to provide comparative analysis on the 
data gathered from this study, a hypothetical station was created using the best data from 
combining all of the sampling stations. 
 
4.2 Physical Evaluation Methods 
 
Habitat evaluation followed the Ohio EPA Qualitative Habitat Evaluation Index (QHEI) habitat 
assessment approach.   
 
4.3 Chemical Evaluation Methods 
 
Water quality analysis was measured in the field using an In-Situ Multi Parameter TROLL 
9000, YSI Model 50B Dissolved Oxygen Meter, LaMotte 2020 Turbidimeter, and MARSH-
McBIRNEY FLO-MATE Model 2000 Portable Flowmeter.  V3 performed the water quality 
measurements for the following parameters: oxidation-reduction potential, temperature, 
conductivity, pH, dissolved oxygen, flow and turbidity.  V3 also collected water samples for 
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water chemistry analysis in a laboratory for the following parameters:  Ammonia, Nitrate, 
Nitrite, Total Kjeldahl (baseflow only), Dissolved Phosphorous, Total Phosphorous and 
Escherichia coliform. 
 
 
5.0 RESULTS 
 
5.1 Biological Evaluation Results 
 
Appendix I contains the field and laboratory data sheets for the benthic macroinvertebrate 
communities.  Appendix II contains the transmittal letter and photo-documentation from V3 to 
Purdue University, Department of Entomology which accompanied the thirty four (34) voucher 
specimens of macroinvertebrates collected during the 2004 study, as well as the response letter 
from Dr. Arwin Provonsha of Purdue stating that all 35 macroinvertebrates are accurately 
identified.  Table 3 lists the macroinvertebrates that were collected during the September 8 and 9, 
2004 sampling event at each of the four stations.  Table 4 lists general data for the USEPA 
evaluation metric by sampling station. 
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TABLE 3 – BENTHIC MACROINVERTEBRATE COLLECTED BY STATION, APRIL 2004 

STATION NUMBER ORDER FAMILY GENUS SPECIES 
1 2 3 4 

Tubellaria Planaria     1 2 3 5 
Pelecypoda Corbiculidae Corbicula fluminea   1  
Gastropoda Physidae     1    
  Planorbidae        1 
  Pleuroceridae     13 4 19 24 
Annelida Hirudinea        1 
Decapoda       1 2 2 3 
Amphipoda        10 3 2 
Isopoda Asellidae        2 
Ephemeroptera Baetidae   25 13 1 4 
  Heptageniidae Stenacron    2 3  
  Heptageniidae Stenonema   16 1 4 7 
  Isonychiidae Isonychia   1  2  
Coleoptera Haliplidae      1   
  Elmidae      9 10 12 
  Psephenidae Psephenus   4 7 20 15 
Megaloptera Corydalidae Corydalus  1  1  
  Corydalidae Nigronia    1 1  
Trichoptera Helicopsychidae Helicopsyche   1  6 8 
  Hydropsychidae     11 13 2 2 
 Odontoceridae      1 
 Philopotamidae Chimarra  2 3 8  
Hemiptera Belostomatidae        1 
  Gerridae     1 3 2  
 Veliidae Rhagovelia  2    
Plecoptera Perlidae Claassenia  1 5 3 1 
Odonata-
Anisoptera Aeshnidae     3 2 2  
  Corduliidae        1 
Odonata-
Zygoptera Calopterygidae Calopteryx   14 3 1 3 
  Coenagrionidae Argia    3 2 7 

Diptera 
Blood-red 
Chironomidae     1 1   

  
Other 
Chironomidae     1 12 3  

  Culicidae      1   
  Tipulidae      2 1  
Total Number of Individuals Evaluated 100 100 100 100

 
 
 
 



Final Water Quality Monitoring Report                               V3 Companies • 13 
Lost River – 04010                                                                                                                               September - 2006

TABLE 4 – BENTHIC MACROINVERTEBRATE RESULTS, SEPTEMBER 2004 
Parameter Relative 

Reference
Station 1 Station 2 Station 3 Station 4

      
Total Number of Taxa 23 19 22 23* 19 
Total Number of EPT 
Taxa 8 7 6 8* 6 

Percent Contribution 
of Dominant Taxa 13 25 13* 20 24 

Ratio of 
EPT/Chironomidae 57 57* 2.8 9.7 23/0 

Modified Biotic Index 3.9 4.0 4.3 3.9* 4.2 
Ratio of 
Scraper/Filterer 27.5 2.5 0.875 4.0 27.5* 

Ratio of 
Shredder/Nonshredder 0.11 0.01 0.11* 0.03 0.04 

Total Number of 
Individuals Evaluated - 100 100 100 100 

   * indicates highest quality, used as reference station. 
 
 
The best score from the four evaluated stations was assigned to the relative reference station as 
an achievable value for the Lost River watershed.  Then station scores are compared to the 
relative reference station and assigned biological condition categories based on percent 
comparison.  The biological condition scoring criteria for each benthic macroinvertebrates 
parameter assigns numeric values based on specific percentage of comparability with the 
reference.  Qualitative results are converted into quantifiable numeric values of 6 for 
nonimpaired, 4 for slightly impaired, 2 for moderately impaired, and 0 for severely impaired. 
 
The total metric score is then compared to the reference station to provide impairment category 
results based on >83% of the reference station for nonimpaired, 51-82% for slightly impaired, 
18-50% for moderately impaired, and <17% comparability with the reference station for severely 
impaired.  These results are shown in Table 5. 
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TABLE 5 – BENTHIC MACROINVERTEBRATE BIOLOGICAL CONDITION SCORING, SEPTEMBER 
2004 

Parameter Relative 
Reference

Station 1 Station 2 Station 3 Station 4

      
Total Number of Taxa 6 6 6 6 6 
Total Number of EPT 
Taxa 6 4 2 6 2 

Percent Contribution 
of Dominant Taxa 6 4 6 4 4 

Ratio of 
EPT/Chironomidae 6 6 0 0 6 

Modified Biotic Index 6 6 6 6 6 
Ratio of 
Scraper/Filterer 6 0 6 2 4 

Ratio of 
Shredder/Nonshredder 6 0 0 0 6 

Total Score 42 26 26 24 34 
Percent of Reference 100 62 62 57 81 
Impairment Category None Slight Slight Slight Slight 

 
5.2 Physical Evaluation Results 
 
The purpose for evaluating the physical habitat features of the selected locations within the Lost 
River watershed is to quantify the condition and quality of the instream and riparian habitat.  The 
use of the Ohio EPA Qualitative Habitat Evaluation Index (QHEI) was used and is included in 
Appendix I.  The summary of the QHEI habitat scoring technique from the 2004 surveys are 
provided in Table 6. 
 

TABLE 6 – QHEI RESULTS FOR LOST RIVER, SEPTEMBER 8, 2004 

* indicates highest quality, used as reference station. 
 

 Relative 
Reference Station 1 Station 2 Station 3 Station 4 

Habitat Parameters      
Substrate 18 18* 14 17 12 
Instream Cover 17 17* 16 16 15 
Channel Morphology 11 11* 11* 11* 11* 
Riparian Zone and Bank 
Erosion 4.5 4.5* 4.5* 4 4.5* 

Pool/Current Quality 10 8 8 10* 8 
Riffle/Run Quality 5 5* 3 4 4 
Gradient 6 6* 6* 6* 6* 
Total Score 71.5 69.5 62.5 68 60.5 
Percent of Reference 100 97 87 95 85 



Final Water Quality Monitoring Report                               V3 Companies • 15 
Lost River – 04010                                                                                                                               September - 2006

5.3 Chemical Evaluation Results 
 
V3 performed the sampling events on June 29 and 30, 2004 and January 5 and 6, 2005.  The 
parameters included oxidation-reduction potential, temperature, conductivity, pH, dissolved 
oxygen, flow, and turbidity.  Water quality data sheets for parameters taken in the field are 
included in Appendix I.  V3 also collected water samples for water chemistry analysis in a 
laboratory for the following parameters:  Ammonia, Nitrate, Nitrite, Total Kjeldahl (baseflow 
only), Dissolved Phosphorous, Total Phosphorous and Escherichia coliform. Results for the lab 
are included in Appendix IV.  Table 7 shows the results of the baseflow data and Table 8 shows 
the results of the stormflow data.  
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TABLE 7 – SUMMARY OF BASEFLOW SAMPLING WATER QUALITY DATA FOR LOST RIVER, JUNE 29 AND 30, 2004 

Parameter Units St. 1 St. 2 St. 3 St. 4 St. 6 St. 7 St. 9 St. 10 
          
Nitrogen, Ammonia mg/L 0.850 0.567 0.624 0.678 1.02 0.524 0.500 0.488 
Nitrogen, Nitrate mg/L 11.9 7.83 10.0 9.71 0.864 7.03 6.28 6.60 
Nitrogen, Nitrite mg/L 0.044 0.022 0.033 0.036 <0.010 0.013 0.014 0.017 
Nitrogen, Total Kjeldahl mg/L 1.68 0.980 0.840 1.12 1.40 0.980 0.700 0.840 
Phosphorus, Dissolved mg/L 0.033 0.038 0.028 0.020 0.054 0.062 0.064 0.062 
Phosphorus, Total mg/L 0.039 0.041 0.032 0.027 0.064 0.074 0.087 0.077 
Escherichia Coliform cfu/ 100ml 6,300 440 310 90 No 

sample 
60 710 1,030 

pH -log [H+] 7.82 8.08 7.96 7.70 7.30 7.36 7.47 7.58 
Conductivity umhos/cm 389 437 433 422 432 429 439 465 
Air Temperature °C 28.0 28.0 29.0 28.0 22.0 22.0 31.0 20.0 
Water Temperature °C 20.8 21.0 21.6 21.0 17.0 17.0 17.0 15.6 
Dissolved Oxygen mg/L 11.38 8.64 10.65 10.98 6.55 5.95 7.52 8.05 
Dissolved Oxygen % saturation 128% 96% 123% 122% 68% 61% 78% 82% 
Turbidity NTU 3.7 1.7 2.9 2.1 8.0 7.8 29.0 12.0 
Flow Volume Ft3/second 5.0 3.4 15.0 30.0 27.1 no reading no reading no reading 
Date of Sampling MM/DD 06/29 06/29 06/29 06/29 06/30 06/29 06/29 06/29 
Time of Sampling Military 08:30 08:40 08:50 09:10 10:30 10:00 10:20 11:10 
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TABLE 8 – SUMMARY OF STORMFLOW WATER QUALITY DATA FOR LOST RIVER, JANUARY 5 AND 6, 2005 

 
Parameters Units St. 1 St. 2 St. 3 St. 4 St. 5 St. 7 St. 8 St. 9 St. 10 
           
Nitrogen, Ammonia mg/L 0.074 0.074 0.077 0.118 0.234 0.177 0.201 0.057 0.051 
Nitrogen, Nitrate mg/L 2.04 2.05 2.10 1.77 2.88 4.41 2.05 3.03 3.36 
Nitrogen, Nitrite mg/L 0.013 0.011 0.012 0.014 0.015 0.014 0.015 0.011 0.011 
Phosphorus, 
Dissolved 

mg/L 0.206 0.202 0.253 0.256 0.281 0.171 0.311 0.093 0.098 

Phosphorus, Total mg/L 0.270 0.263 0.326 0.364 0.467 0.289 0.537 0.165 0.177 
Escherichia 
Coliform 

cfu/ 100ml 690 1,600 2,400 2,700 4,800 2,000 5,000 2,800 940 

pH -log [H+] 6.92 6.83 6.90 7.14 6.92 6.82 7.14 6.73 6.75 
Conductivity umhos/cm 90.1 109.4 92.4 85.2 156.5 214.3 112.8 210.6 223.5 
Air Temperature  °C 3.3 2.2 2.2 1.7 4.4 4.4 5.6 5 5.6 
Water Temperature °C 6.7 7.1 6.8 6.7 10.3 10.8 9.7 11.4 11.6 
Dissolved Oxygen mg/L 12.9 13.1 13.1 12.8 11.8 10.9 11.3 11.6 10.1 
Dissolved Oxygen % 

saturation 106 107 107 105 104 98 100 105 94 

Turbidity NTU 27 22 35 45 80 45 85 36 33 
ORP  Ft3/second 208 208 194 185 213 259 174 224 230 
Date of Readings MM/DD 01/06 01/06 01/06 01/06 01/05 01/05 01/05 01/05 01/05 
Time of Readings Military 08:45 08:15 07:45 07:15 07:30 08:30 11:00 09:30 11:30 
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5.4 Field Review 
 
V3 provided Orange County SWCD, LARE staff, as well as the representatives of interested 
volunteer water quality monitoring groups with advanced notification of the sampling dates.  
Representatives of these organizations were able to attend the sampling events and observe and 
learn the field data collection techniques.  The biological sampling efforts were performed with 
Frank Hodges (IDNR) and Treva Brim (Orange County SWCD) in attendance.  Additionally, 
Frank Hodges of the IDNR was in attendance during the baseflow and stormflow sampling 
efforts. 
 
6.0 DISCUSSION 
 
The macroinvertebrate community results demonstrate a very healthy richness measure at all 
four stations through the values of Total Number of Taxa.  However, Stations 2 and 4 provide 
only 75% of the reference station’s potential for EPT Taxa, and are considered Moderately 
Impaired by this metric.  Total Number of EPT Taxa stands for the collective orders of 
Ephemeroptera (mayflies), Plecoptera (stoneflies) and Trichoptera (caddisflies).  These three 
orders of insects are considered indicative of healthy macroinvertebrate communities and high 
water quality.  Composition measures such as Percent Contribution of Dominant Taxa will 
decrease as water quality, habitat diversity and habitat suitability improve.  Composition 
measures such as Ratio of EPT to Chironomidae (midges) reflects good biotic condition if the 
sensitive groups (EPT) demonstrate a substantial representation.  However, if the Chironomidae 
have a disproportionately large number of individuals in comparison to the sensitive groups then 
this situation is indicative of environmental stress.  Both Stations 2 and 3 resulted in a severely 
impaired biological condition for this metric, because the relative reference station has a high 
value due to the high value at Stations 1 and 4.  Otherwise these values are typically 
representative of healthy biological communities on a regional scale. 
 
Tolerance/Intolerance measures are intended to be representative of relative sensitivity to 
perturbation.  The Hilsenhoff Biotic Index developed in 1982 is oriented towards the detection of 
organic pollution but is generally not specific to the type of stressor.  The Modified Biotic Index 
(MBI) was also developed to detect organic pollution and is based on the original species level 
index developed by Hilsenhoff.  Pollution tolerance values range from 0 to 10 and increase as 
water quality decreases.  The lower the MBI, the greater the number of pollution intolerant 
species (see Exhibit V). 
 
All four of the stations demonstrate a very health tolerance/intolerance measure.  The evaluation 
of Functional Feeding Groups through the ratio of scraper to filtering collector reflects the 
riffle/run community food base.  Filtering collectors are sensitive to toxicants bound to fine 
particles and should be the first group to decrease when exposed to steady sources of such 
toxicants.  Station 1 demonstrated severely impaired biological condition and Station 3 
demonstrates moderately impaired values for this metric.  The ratio of shredders to nonshredders 
through the CPOM evaluation demonstrates the riparian zone impacts from the toxicants that are 
readily adsorbed into the plant parts within the CPOM.  Stations 1, 2 and 3 all showed severe 
impairment through this evaluation metric. 
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EXHIBIT V – MODIFIED BIOTIC INDEX (MBI) FROM BIOLOGICAL CONDITION, SEPTEMBER 2004 
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Habitat incorporates all aspects of physical and chemical constituents along with the biotic 
interactions.  Habitat includes all of the instream and riparian habitat that influences the structure 
and function of the aquatic community in a stream.  The presence of an altered habitat structure 
is considered one of the major stressors of aquatic systems.  The presence of degraded habitat 
can sometimes obscure investigations on the effects of toxicity and/or pollution.  The Ohio EPA 
QHEI total score values are classified within four quality categories:  Excellent = 76 to 100, 
Good = 51 to 75, Fair = 26 to 50, Poor = 0 to 25.  All four of the sampling stations evaluated for 
habitat during the Lost River Watershed Final Water Quality Monitoring Study resulted in Good 
habitat ratings. 
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Exhibit VI graphically displays comparisons of each of the four stations to the relative reference 
station.  The reference station is normalized at 100% of the habitat scoring and 100% of the 
biological condition.  This represents the achievable potential of each sampling station.  The 
biological data source for this graph can be found on Table 5, the habitat data source can be 
found on Table 6. 
 

EXHIBIT VI – PERCENTAGE OF REPRESENTATIVE REFERENCE STATION FOR BIOLOGICAL 
CONDITION AND HABITAT, SEPTEMBER 2004 
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The relative reference stream represents regional expectations with 100 for both habitat and 
biological condition.  Station 1 and 3 are both comparable to the reference for habitat and are 
both slightly impaired for biological condition.  Stations 2 and 4 are both supporting for habitat 
and slightly impaired for biological condition. The relationship between habitat quality and 
biological condition demonstrates that good quality habitat will support high quality biological 
communities, and responses to minor alterations in habitat will be subtle and of little 
consequence.  Discernible biological impairment results as habitat quality continues to decline. 
 
In areas of good or excellent habitat, biological communities will reflect degraded conditions 
when water quality effects are present.  This graph demonstrates a condition where organic 
pollution or toxicants will adversely affect biological condition regardless of the quality of the 
habitat. 
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Phosphorus levels are high at 1,2,3,4,5,7,8,9 and 10 during stormflow sampling in January 2005 
and at 1,2,3,6,7,9 and 10 during baseflow sampling in June 2004.  The only station sampled that 
was not over the 0.03 mg/L level which can cause algal blooms was Station 4 during baseflow 
and the value (0.027 mg/L) was just barely below that level (Vollenweider 1968, Wetzel 1975). 
 
Nitrate (NO3) generally occurs in trace quantities in surface water but may attain high levels in 
some groundwater.  In excessive amount, it contributes to the illness known as 
methemoglobinemia in infants.  A limit of 10 mg/L has been imposed on drinking water to 
prevent this disorder.  Stations 1 and 3 during the June 2004 sampling effort had reached these 
high levels, shown in Exhibit VII. 
 
 

EXHIBIT VII – AMOUNT OF NIRATE IN MG/L FROM BOTH BASEFLOW AND STORMFLOW SAMPLING 
EFFORTS, JUNE 2004 AND JANUARY 2005. 

 

 
 
Escherichia coli, know as E coli, is a member of the fecal coliform group of bacteria.  When this 
organism is detected within water samples, it is an indication of fecal contamination.  E coli is an 
indigenous fecal flora of warm-blooded animals.  Contributions of detectable E coli colonies 
may appear within water samples due to the input from human or animal waste.  The state 
standard in Indiana for E coli is 235 cfu/100mL.  The measure of cfu per 100 mL means the 
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count of colony forming units that exist in 100 milliliters of water.  All stations analyzed during 
the stormflow sampling of January 2005 tested much higher than level, including Stations: 
1,2,3,4,5,7,8,9 and 10.  Five of the seven stations analyzed during the baseflow sampling effort 
of June 2004 tested higher than this level, including Stations: 1, 2, 3, 9 and 10.  The only two 
stations that were below this level were Stations 4 and 7.  E. coli counts are shown by station in 
Exhibit VIII.  The most contaminated location was Station 1, the upstream most station on South 
Fork Lost River, where the concentration of E coli (6,300 cfu/100ml) was more than six times 
that of any other station analyzed during the baseflow sampling effort. 
 
 

EXHIBIT VIII – NUMBER OF COLONY FORMING UNITS (CFU) OF E. COLI IN BOTH BASEFLOW AND 
STORMFLOW SAMPLING EFFORTS, JUNE 2004 AND JANUARY 2005. 

 

 
 
Interestingly, the stations with the highest levels of E coli were both drybed sampling stations, 
Stations 5 (4,800 cfu/100ml) and Station 8 (5,000 cfu/100ml).  These two stations also shared the 
highest turbidity levels, Station 5 (80 NTU) and Station 8 (85 NTU).  Turbidity values by station 
are shown in Exhibit IX.  Perhaps this was due to the higher concentrations of bacteria and fine 
particles building up in these typically dry riverbeds and the stormevent carrying a plume 
through these reaches that otherwise would not be at these heightened levels under perennial 
flow conditions. 
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EXHIBIT IX – TURBIDITY VALUES IN NTU’S FOR BOTH BASEFLOW AND STORMFLOW SAMPLING 

EFFORTS, JUNE 2004 AND JANUARY 2005. 
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Indiana Department of Environmental Management (IDEM) has performed sampling of 
macroinvertebrates, habitat and water quality at four sites (Carters Creek was sampled twice at 
the same location) within the Lost River Watershed from 1993 to 2002 (see Table 9).  Of the 
four stations, two of these are identical to locations sampled during V3’s study.  Direct 
correlation with IDEM data is limited as different collection methods were used in each study for 
macroinvertebrates.  Kick samples and Hester/Dendy samples were collected for the IDEM sites 
while multi habitat kick net samples were taken in the V3 study.  Alternative seasons were used 
for several of the IDEM samples, so it would be difficult to compare as the biological 
community changes depending on the time of year.  Also as many as 352 individual 
macroinvertebrates were identified in the IDEM sample, while the protocol that V3 followed 
limited the samples to 100 individuals.  This discrepancy could affect value interpretation to a 
significant degree.  However, it is important to note from the IDEM data that the Lost River’s 
macroinvertebrate results demonstrate healthy communities.  While the QHEI data is more 
directly comparable there were different categories and different scales for the categories that 
were used from 1993 to 2004.  In the IDEM data, habitat also demonstrated high quality 
conditions.  The water quality parameters were limited to Water Temperature, Dissolved 
Oxygen, pH and Specific Conductance (see Table 10).  No interpretive conclusion can be drawn 
from comparing IDEM’s data to V3’s data.  It should be noted that all of the water quality 
parameters, although representing a unique karst river system, are within regionally acceptable 
levels as compared to values throughout the state (DJ Case 2005).   
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TABLE 9 – BENTHIC MACROINVERTEBRATE AND HABITAT RESULTS FROM IDEM 
Stream Name Station ID Location Sample 

Date 
QHEI HBI 

Lost River WEL150-0007 425 N 8/6/02 70 4.45 
Lost River WEL150-0005 Tater Rd. 10/28/93 87 4.3 
Carters Creek WEL150-0006 Tater Rd. 11/2/93 89 3.97 
South Fork Lost River WEL150-0004 CR 350 N 11/2/93 85 4.67 
Carters Creek WEL150-0006 Tater Rd. 8/27/97 80 4.57 

 
 

TABLE 10 – WATER QUALITY RESULTS FROM IDEM 
Waterway Station ID Location Sample 

Date 
Water 
Temp. 
(°C) 

Dissolved 
Oxygen 
(mg/L) 

pH 
(-log [H+]) 

Turbidity 
(NTU) 

Specific 
Conductance
(umhos/cm) 

Lost River WEL150-0005 Tater Rd. 10/28/93 10.4 10.51 7.96 - 580 
Carters 
Creek WEL150-0006 Tater Rd. 11/2/93 6.46 10.23 7.96 - 587 

South Fork 
Lost River WEL150-0004 CR 350 N 11/2/93 5.98 11.53 8.27 - 539 

Carters 
Creek WEL150-0006 Tater Rd. 8/27/97 22.25 7.93 8.47 - 483 

Lost River WEL150-0001 Tater Rd. 7/10/97 24.26 7.65 7.98 94.09 112 
Lost River WEL150-0001 Tater Rd. 6/11/97 16.68 9.26 7.69 11.3 401 
Lost River WEL150-0001 Tater Rd. 4/30/97 13.1 9.75 7.92 6.09 403 
Lost River WEL150-0001 Tater Rd. 3/18/97 8.96 10.37 7.76 257 331 
Lost River WEL150-0001 Tater Rd. 9/22/97 19.38 10.44 8.07 4.8 464 
Lost River WEL150-0001 Tater Rd. 12/2/97 6.9 11.44 8.03 37.4 471 
South Fork 
Lost River WEL150-0008 Vernon 

School Rd. 9/9/97 19.56 6.44 7.82 23.39 420 

Lost River WEL150-0007 425 N. 7/30/02 23.27 4.35 7.01 7.8 472 
Lost River WEL150-0007 425 N. 9/18/02 20.05 7.65 7.69 5.69 468 
Lost River WEL150-0007 425 N 8/6/02 24.75 8.65 7.53 13 461 
Lost River WEL150-0007 425 N. 6/26/02 23.79 10.62 8.68 8.5 449 
Lost River WEL150-0003 E of 337 8/14/02 24.26 7.7 7.98 8.35 412 
Lost River WEL150-0003 E of 337 7/30/02 28.29 8.06 7.98 4.36 448 
Lost River WEL150-0003 E of 337 8/6/02 28.43 8.33 8.07 5.48 441 
Lost River WEL150-0003 E of 337 8/20/02 25.85 8.97 8.05 6.94 426 
Lost River WEL150-0003 E of 337 8/27/02 25.67 9.45 8.06 6.17 405 
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From 1996 to 2002 IDEM collected four (three are in the study area) fish tissue samples to 
evaluate for contaminants on the Lost River (see Appendix V).  The study summary results have 
been included in this report as an Appendix, but no analytical interpretation is provided.  The 
data is up to ten years old and watershed conditions may have changed.  There was also two fish 
surveys that were completed.  One was on the South Fork Lost River (1997) and the other was 
on the Lost River (2002).  This data is included in Appendix V.  Additionally, limited water 
chemistry data from inorganic, organic and metal analysis was performed for 6 samples from 
2002, for the following parameters:  Alkalinity, CBOD5, Chloride, COD, Coliforms, Cyanide, E. 
coli, Hardness, Nitrate+Nitrite, Total Phosphorous, Sulfate, TDS, TKN, TOC, TS, TSS, 
Aluminum, Arsenic, Cadmium, Calcium, Chromium, Copper, Iron, Lead, Magnesium, 
Manganese, Mercury, Nickel, Potassium, Selenium, Sodium and Zinc.  
  



Final Water Quality Monitoring Report                              V3 Companies • 26 
Lost River – 04010                                                                                                                               September - 2006 
   

 
7.0 SUMMARY AND RECOMMENDATIONS 
 
V3 Companies, Ltd (V3) has conducted the Lost River Watershed Final Water Quality 
Monitoring Study for the Orange County Soil and Water Conservation District (SWCD).  Exhibit 
I shows the Project Vicinity.  There are ten sampling stations for evaluating the biological, 
physical and chemical condition of the watershed including: macroinvertebrate communities, in-
stream and riparian habitat and water quality parameters.  The watershed of the Lost River is 
within the karst regions surrounding Paoli, Indiana.  The Lost River watershed evaluated during 
this study is 106,980 acres.  The portion of the river evaluated during this study has a linear river 
length of approximately 15.3 miles for perennial surface water in the upstream reaches, 
approximately 21.3 miles of linear length for intermittent drybeds, an estimated 7.5 miles of 
linear length for underground river systems, and another perennial surface water stream segment 
of approximately 25.8 miles for linear length in the downstream reaches. 
 
Prior to the implementation of the best management practices, there was no baseline study 
performed to establish the conditions of water quality, macroinvertebrate communities and 
habitat.  The study performed by V3 in 2004 and 2005 will provide information on existing 
conditions for future comparisons, however, it does not allow for any current interpretation on 
the watersheds benefits from the implementation of these conservation practices. 
 
The evaluation of macroinvertebrate communities within the watershed describe the biological 
health at a level which provides insight into point and nonpoint source impacts which otherwise 
may or maynot be able to be measured.  The four upstream most stations were the only stations 
evaluated for macroinvertebrates, as the other stations were nonsuitable for the collection effort 
due to dryness, depth or lack of habitat.  All four of the stations posses a slightly impaired 
biological condition.  
 
Habitat incorporates all aspects of physical and chemical constituents along with the biotic 
interactions.  Habitat includes all of the instream and riparian habitat that influences the structure 
and function of the aquatic community in a stream.  The presence of an altered habitat structure 
is considered one of the major stressors of aquatic systems.  The presence of degraded habitat 
can sometimes obscure investigations on the effects of toxicity and/or pollution.  All four of the 
sampling stations evaluated for habitat during the Lost River Watershed Final Water Quality 
Monitoring Study resulted in Good habitat ratings. 
 
Water quality analysis of the watershed during baseflow and stormflow events showed 
acceptable values with the following exceptions.  Phosphorus levels were high at 1,2,3,4,5,7,8,9 
and 10 during stormflow sampling in January 2005 and at 1,2,3,6,7,9 and 10 during baseflow 
sampling in June 2004.  The only station sampled that was not over the 0.03 mg/L level which 
can cause algal blooms was Station 4.  This may be a result of the extensive winter cover 
locations implemented through the land use conservation best management practices program.  
Please see Exhibit III for the significant portions of the land surrounding Lost River upstream of 
Station 4 which participated in this program.  It is likely that the cover crop provided the 
necessary filtration and buffer to prevent the higher levels of phosphorus within the mainstem of 
the Lost River.  
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Nitrate was measured at high levels at both Stations 1 and 3 during the June 2004 sampling 
effort.  Since Station 3 is immediately downstream of Station 1, it is assumed that the nitrate 
source is coming from the South Fork of Lost River and not from the headwaters of Carter 
Creek.  It is recommended that more focus be placed on implementing additional land use 
conservation best management practices along the Orange County and Washington County 
agricultural lands surrounding the South Fork of Lost River. 
 
The stations with the highest levels of E coli were baseflow conditions at Station 1 (6,300 
cfu/100ml) along the South Fork Lost River and stormflow condition at both drybed sampling 
stations along Lost River, Stations 5 (4,800 cfu/100ml) and Station 8 (5,000 cfu/100ml).  
Stations 5 and 8 also shared the highest turbidity levels, Station 5 (80 NTU) and Station 8 (85 
NTU).  Perhaps this was due to the higher concentrations of bacteria and fine particles building 
up in these typically dry riverbeds and the stormevent carrying a plum through these reaches that 
otherwise would not be at these heightened levels under perennial flow conditions. 
 
In areas of good or excellent habitat, biological communities will reflect degraded conditions 
when water quality effects are present.  This graph demonstrates a condition where organic 
pollution or toxicants will adversely affect biological condition regardless of the quality of the 
habitat. 
 
Land use best management conservation practices were implemented by the Orange County 
SWCD’s to improve the Lost River watershed from 2001 through 2005.  The land use best 
management conservation practices included: winter cover crop, heavy use area feeding pads, 
spring development, and pasture/hayland plantings.  The best management land use conservation 
practices implemented by the Orange County SWCD to improve the Lost River watershed were 
all located within rural agricultural areas. 
 
This report recommends that further implementation of land use best management practices 
continue to be implemented to prevent degradation to macroinvertebrate communities, habitat 
and water quality within this unique river system.  Specific water quality improvements in 
bacteria, nitrogen as nitrates, and turbidity are warranted.  This report recommends taking further 
measures to install additional winter cover crops, heavy use area feeding pads and 
pasture/hayland plantings.  Along with the addition of no-till conservation tillage, stormwater 
runoff diversions, cool season grass filter strips, pipe structure grade stabilization structures, rock 
rip-rap grade stabilization structures, grass waterways, tree plantings, waste management 
containment systems, and water and sediment control basins. 
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April 22, 2005 
 
 
Dr. Arwin Provonsha  
Department of Entomolgy 
901 W. State Street 
West Lafayette, IN 47907-2089 
 
Re: Invertebrate Voucher Specimens  

Lost River, Orange County, Indiana 
 
Dear Dr. Provonsha: 
 
Enclosed you will find thirty-five (35) representative macroinvertebrate specimens, in individually 
labeled vials, and photo-documentation of each.  This voucher collection is being submitted to 
Purdue University Department of Entomology as part of the Lost River Water Quality Monitoring 
Study.  This project is being done for the Orange County Soil and Water Conservation District 
and the Indiana Department of Natural Resources through the Lake and River Enhancement 
(LARE) program.  Please verify these specimens for us. 
 
Please contact me at 630-724-9200 ext. 154, if you have any questions or concerns.  Thank you 
very much. 
 
Very truly yours, 
V3 Companies of Illinois, Ltd. 

 
Walter Levernier 
Ecologist 

 
Edward J Belmonte 
Senior Ecologist/Project Manager 
 
WGL/ss 
 
Attachments 
 
cc: Frank Hodges, IDNR 
 Cecil Rich, IDNR 

V3 File 
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Calopterygidae
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PHOTO  1

September 9, 2004

South Fork Lost River
(Station 1) near County
Road 350N facing
upstream.
Macroinvertebrate
sampling.

PHOTO  2

September 9, 2004

South Fork Lost River
(Station 1) near County
Road 350N facing
downstream.
Macroinvertebrate
sampling.

PHOTO  3

January 6, 2005

South Fork Lost River
(Station 1) near County
Road 350N facing
upstream. Stormflow
sampling.



PHOTO  4

January 6, 2005

South Fork Lost River
(Station 1) near County
Road 350N facing
downstream.  Stormflow
sampling.

PHOTO  5

September 9, 2004

Carter Creek (Station 2)
near Tater Road facing
upstream.
Macroinvertebrate
sampling.

PHOTO  6

September 9, 2004

Carter Creek (Station 2)
near Tater Road facing
downstream.
Macroinvertebrate
sampling.



PHOTO  7

January 6, 2005

Carter Creek (Station 2)
near Tater Road facing
upstream.  Stormflow
sampling.

PHOTO  8

January 6, 2005

Carter Creek (Station 2)
near Tater Road facing
downstream.  Stormflow
sampling.

PHOTO  9

September 9, 2004

Lost River (Station 3) at
Tater Road facing
upstream.
Macroinvertebrate
sampling.



PHOTO  10

September 9, 2004

Lost River (Station 3) at
Tater Road facing
downstream.
Macroinvertebrate
sampling.

PHOTO  11

January 6, 2005

Lost River (Station 3) at
Tater Road facing
upstream.  Stormflow
sampling.

PHOTO  12

January 6, 2005

Lost River (Station 3) at
Tater Road facing
downstream.  Stormflow
sampling.



PHOTO  13

September 9, 2004

Lost River (Station 4) at
Fishers Ford Bridge
upstream view.
Macroinverterate
sampling

PHOTO  14

September 9, 2004

Lost River (Station 4) at
Fishers Ford Bridge
downstream view.
Macroinvertebrate
sampling.

PHOTO  15

January 6, 2005

Lost River (Station 4) at
Fishers Ford Bridge
upstream view.
Stormflow sampling.



PHOTO  16

January 6, 2005

Lost River (Station 4) at
Fishers Ford Bridge
downstream view.
Stormflow sampling.

PHOTO  17

October 14, 2003

Lost River (Station 5) at
County Road 100W
upstream view of drybed.

PHOTO  18

January 5, 2005

Lost River (Station 5) at
County Road 100W
during stormflow
sampling.



PHOTO  19

June 30, 2004

Lost River (Station 6) in
Tolliver Swallow Hole
during baseflow sampling.

PHOTO  20

June 29, 2004

Lost River (Station 7) at
Wesley Chapel Gulf
during baseflow sampling.

PHOTO  21

January 5, 2005

Lost River (Station 7) at
Wesley Chapel Gulf
during stormflow
sampling.



PHOTO  22

January 5, 2005

Lost River (Station 8) at
Roosevelt Road  upstream
view.  Stormflow samling.

PHOTO  23

January 5, 2005

Lost River (Station 8) at
Roosevelt Road
downstream view.
Stormflow sampling.

PHOTO  24

June 29, 2005

Lost River (Station 9) at
True Rise during baseflow
sampling.



PHOTO  25

January 5, 2005

Lost River (Station 9) near
True Rise during
stormflow sampling.

PHOTO  26

January 5, 2005

Lost River (Station 10)
Orangeville Road
upstream view.
Stormflow sampling.

PHOTO  27

January 5, 2005

Lost River (Station 10)
Orangeville Road
downstream view.
Stormflow sampling.
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